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SPREAD SPECTRUM DEMODULATOR 

5 BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a spread spectrum demodulator 
according to the direct sequence code division multiple access (DS-CDMA) 
scheme. 

10 Description of Related Art 

A DS-CDMA system consists of a spread spectrum modulator which 
spreads the bandwidth of a data signal by multiplying each of its symbols by a 
spreading code as a pseudo noise signal and transmits a resulting signal, and a 
n spread spectrum demodulator which demodulates a reception signal through 

^ J 15 de-spreading in which the reception signal is multiplied by the same spreading 
code as used in the transmission side. In this DS-CDMA system, when a 
^ reception signal is de-spread in the spread spectrum demodulator, not only 

i;5 noise that was added on a transmission channel but also a transmission signal 

produced by using a different spreading code is de-spread. Therefore, a 
20 demodulated reception signal is scarcely influenced by such noise or a 
transmission signal. In general, a DC-CDMA system reaUzes multiplexing in 
the same frequency band by using different spreading codes for respective sets 
of a modulator and a demodulator that communicate with each other. 
However, even where the same spreading code is used for plural sets of a 
25 modulator and a demodulator, multiplexing is still possible because a 
transmission signal of a set other than the set concerned is spread if the 
symbol timing is not completely identical among the plural sets of a modulator 
and a demodulator. 

Fig. 6A shows an example of a conventional spread spectrum modulation 
30 circuit 30 that is used in a DC CDMA system, and Fig. 6B shows an example 
of a conventional spread spectrum demodulation circuit 31 that is used in a 
DC- CDMA system. In Fig. 6A, reference numeral 18 denotes a differential 
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encoder for performing differential coding on transmission data 50; 6, a 
spreading code generator for generating a spreading code; 20, a spreading 
modulator for multiplying the transmission data that has been subjected to 
differential coding in the differential encoder 18 by the spreading code that has 
5 been generated by the spreading code generator 6; 21, a BPSK modulator for 
performing binary phase shift keying (BPSK) on the transmission data that 
has been spread by the spreading modulator 20; and 22, a transmission 
antenna for transmitting the transmission data that has been amplified. 

In Fig. 6B, reference numeral 2 denotes a reception antenna for 
10 receiving data and numeral 3 denotes a BPSK demodulator for 
BPSK-demodulating the reception data. Reference symbols 4a and 4b denote 
A/D converters for converting demodulated orthogonal I-component data (I) 
and Q-component data (Q) into digital data. Reference symbols 5a and 5b 
Ifl denote correlators for demodulating, by de- spreading, the orthogonal digital 

lO 15 I-component data (I) and Q-component data (Q) by multiplying those data by 
respective spreading codes generated by a spreading code generator 6 that are 
u3 the same as used in the transmission side. Reference numeral 7 denotes a 

i;3 polar coordinates converter POLAR for polar-coordinates-convertmg the 

de-spread I component data (I) and Q-component data (Q). Reference 
=p 20 numeral 19 denotes an amplitude judgment device for performing cyclic 
addition and threshold judgment on amplitude-component data (r) that has 
been produced by the polar coordinates conversion. The ampUtude judgment 
device 19 performs initial synchronization in which timing having the 
maximum correlation value among pieces of one-symbol timing is detected. 
25 Successively, reference numeral 9 denotes a Af corrector for latching, with the 
timing that has been synchronization-confirmed by the amplitude judgment 
device 19, frequency-component data ((|)) that has been produced by the polar 
coordinates conversion, and correcting for an offset of a carrier frequency of the 
spread spectrum modulator and demodulator. Reference numeral 10 denotes 
30 a delay detector for detecting the data that has been corrected by the Af 
corrector 9. 
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The conventional spread spectrum demodulator 31 of Fig. 6B that is 
used in a DS-CDMA system can only cope with a case where one reception 
wave exists in a one-symbol timing. For example, if transmission waves that 
were spread by using the same spreading signal as used in the receiver side 
are transmitted from two transmitters simultaneously, two pieces of timing 
having almost the same correlation values that are larger than a threshold 
value are detected in a one-symbol timing. The receiver side judges that 
timing that happens to have the maximum value is reception timing. 
Therefore, which timing is acquired is indefinite, that is, depends on the 
correlation values that vary due to noise etc., resulting in a problem that a 
normal receiving operation cannot be performed. 

Even if plural pieces of correct timing were detected (initial 
synchronization), the detection timing in the one-symbol timing that is 
predetermined by an operation clock signal of the receiver would gradually 
deviate due to errors between operation clock signals of the transmitter and 
receiver. Where synchronization is made with the same timing in each 
symbol timing, there arises a problem that errors occur in reception data. 



The present invention has been made to solve the above problems in the 
art, and an object of the invention is therefore to provide a spread spectrum 
demodulator capable of correctly and simultaneously demodulating reception 
waves that were spread by using the same spreading signal and transmitted 
from a pluraUty of transmitters. 

According to an aspect of the present invention, there is provided a 
spread spectrum demodulator for demodulating a plurality of received spread 
spectrum signals, comprising: a timing detector for receiving ampUtude 
components of the plurality of received spread spectrum signals, the amplitude 
components being produced by de-spreading and then 
polar-coordinates-converting the spread spectrum signals, estabhshing initial 
synchronization individually for the spread spectrum signals by detecting 
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maximum values of the amplitude components, and outputting individually 
traced pieces of reception timing of the spread spectrum signals; and a 
pluraHty of correctors for latching, with the pieces of reception timing that are 
outputted from the timing detector, a plurality of frequency components of the 
respective spread spectrum signals, the frequency components being produced 
by de-spreading and then polar-coordinates'converting the spread spectrum 
signals, and correcting for an offset, and outputting resulting signals. 

The above and other objects, effects, features and advantages of the 
present invention will become more apparent from the following description of 
the embodiments thereof taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a spread spectrum demodulator 1 according to a 
embodiment 1 of the invention. 

Fig. 2 shows a timing detector according to a embodiment 2 of the 
invention, which is an example of the timing detector 8 shown in Fig. 1, 

Figs. 3A-3D3 are a timing chart of the timing detector 8 according to the 
embodiment 2. 

Fig. 4 shows a tracing circuit according to a embodiment 3 of the 
invention, which is an example of the tracing circuit-a (l4a) shown in Fig. 2. 

Figs. 5A-5E are timing charts of the tracing circuit according to the 
embodiment 3. 

Fig. 6A shows an example of a conventional spread spectrum modulation 
circuit 30 that is used in a DC-CDMA system, and Fig. 6B shows an example 
of a conventional spread spectrum demodulation circuit 31 that is used in a 
DC-CDMA system. 
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Embodiments of the present invention will be described below with 
reference to the accompanying drawings. It is noted that the same reference 
symbols in the drawings denote the same or corresponding components. 

5 Embodiment 1 

Fig. 1 shows a spread spectrum demodulator 1 according to a 
embodiment 1 of the invention. In Fig. 1, reference numeral 1 denotes a 
spread spectrum demodulator in the embodiment 1 of the invention, reference 
numeral 2 denotes a reception antenna for receiving a plurality of data 
10 (transmission waves, spread spectrum signals) and numeral 3 denotes a BPSK 
demodulator for BPSK-demodulating the plurality of the reception data 
(transmission waves) and for outputting an orthogonal Ixomponent data and 
■'in Q-component data. Reference symbols 4a and 4b denote A/D converters for 

j;^ converting the demodulated orthogonal I-component data and Q-component 

15 data into digital data. Reference symbols 5a and 5b denote correlators for 
''^ demodulating, by de-spreading, the orthogonal digital I component data and 

Q-component data by multiplying those by respective spreading codes 
generated by a spreading code generator 6 that are the same as used in the 
ft' transmission side. Reference numeral 7 denotes a polar coordinates converter 

0 20 POLAR for polar-coordinates-converting the de-spread I-component data (I) / 
Q-component data (Q). Reference numeral 8 denotes a timing detector for 
estabhshing initial synchronization, for each of a plurality of transmission 
waves, for amplitude-component data (r) that has been produced by the polar 
coordinates conversion, individually tracing pieces of reception timing a (72), b 
25 (74), and c (76), and outputting those pieces of timing. Reference symbols 9a, 
9b, and 9c denote Af correctors for latching, with the pieces of timing that have 
been synchronization-confirmed by the timing detector 8, frequency-component 
data (<t)) that has been produced by the polar coordinates conversion, and 
correcting for an offset of a carrier frequency of the spread spectrum modulator 
30 and demodulator. Reference symbols 10a, 10b, and 10c denote delay detectors 
for detecting data that have been corrected by the Af correctors 9a, 9b, and 9c 
or outputting reception data a (62), b (64), or c (66), respectively. 
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As shown in Fig. 1, the spread spectrum demodulator 1 according to the 
embodiment 1 is configured in such a manner that the amplitude judgment 
circuit 19 of the conventional spread spectrum demodulator shown in Fig. 6B 
is replaced by the timing detector 8. The timing detector 8 receives 
ampUtude-component data (r) of a plurality of spread spectrum signals that 
have been de-spread by the correlator 5a and then polar-coordinates-converted 
by the polar coordinates converter 7. The timing detector 8 establishes initial 
synchronization individually for a plurality of spread spectrum signals by 
detecting the maximum values of the received amplitude-component data (r), 
and outputs individually traced pieces of reception timing a (72), b (74), and c 
(76) to the Af correctors 9a, 9b, and 9c, respectively. The Af correctors 9a, 9b, 
and 9c latch, at the pieces of timing that are output from the timing generator 
8, fi-equency-component data (^) of the spread spectrum signals that have been 
de-spread by the correlators 5a and 5b and then polar-coordinates-converted 
by the polar coordinates converter 7, correct for an offset, and output resulting 
data. The Af correctors 9a, 9b, and 9c and the delay detectors 10a, 10b, and 
10c, which are provided downstream of the timing detector 8, are provided in 
the number of transmission waves to be received simultaneously. Since the 
three Af correctors 9a-9c and the three delay detectors 10a- 10c are provided, 
the spread spectrum demodulator 1 of Fig. 1 can receive three transmission 
waves simultaneously. However, the number "3" is employed here for 
convenience of description and the number of transmission waves to be 
received simultaneously is not limited to three. 

As described above, according to the embodiment 1, pieces of reception 
timing can be traced individually after initial synchronization was established 
individually for a plurality of reception waves. Therefore, reception waves 
that were spread by using the same spreading signal and then transmitted 
from a plurality of transmitters can correctly be detected simultaneously. 
Embodiment 2 

Fig. 2 shows a timing detector according to a embodiment 2 of the 
invention, which is an example of the timing detector 8 shown in Fig. 1. The 
components in Fig. 2 that are given the same reference symbols as the 



corresponding components in Fig. 1 have the same functions as the latter and 
hence will not be described. In Fig. 2, reference numeral 11 denotes an 
ampHtude judgment circuit AMPJG (ampHtude judgment section) for detecting 
timing by performing a threshold judgment on amplitude component data (r) 
that has been polar-coordinates-converted by the polar coordinates converter 7. 
Reference numeral 12 denotes a masking circuit MASC (masking section) for 
outputting only so far undetected timing by performing such masking as to 
delete timing that has been detected by the amplitude detection circuit 11 if it 
is the same as already detected timing and it precedes or succeeds the already 
detected timing by an x chip timing or less. The optimum value of the x chip 
timing varies with the sampling rate of the A/D converter 4a. Successively, 
reference numeral 13 denotes a timing judgment circuit TIMINGJG (timing 
judgment section) for receiving so far undetected pieces of timing and 
outputting those to unused tracing circuits 14a etc. (described later) as pieces 
of initial synchronization timing a (54a) etc. Reference symbols 14a, 14b, and 
14c denote tracing circuits (tracing sections) which, when receiving respective 
pieces of initial synchronization timing a (54a), b (54b), or c (54c) from the 
timing judgment circuit 13, stores the pieces of initial synchronization timing a 
(54a) etc. and thereafter performs timing tracing until the transmission 
waves corresponding to the stored pieces of timing cease. Reference numeral 
25 denotes a logical OR circuit (masking condition section) for outputting 
together, to the masking circuit 12, the pieces of timing that are being traced 
by the tracing circuits a (l4a) etc. The pieces of reception timing a (72), b (74), 
or c (76) that are output from the tracing circuit-a (l4a), -b (l4b), or -c (l4c) are 
supplied to the Af correctors 9a, 9b, or 9c, respectively. 

Figs. 3A-3D3 are a timing chart of the timing detector 8 according to the 
embodiment 2. More specifically, Fig. 3 shows a case where a second signal 
wave is received when the tracing circuit-a (l4a) is being used after reception 
of a jfirst transmission wave. In Figs. 3A-3D3, Ta represents a one-symbol 
timing during which to detect correlation values that are larger than a 
threshold value and Ts represents one sampling timing. A condition that 
allows tracing of timing movement is that the timing movement amount 



between adjacent symbol timings Ta is one sampling timing Ts or less, that is, 
the interval between two pieces of timing is in a range of Ta ± Ts. Figs. 
3A-3D3 show a case where the sampling clock rate of the A/D conversion in the 
A/D converter 4a that is located upstream of the timing detector 8 is two times 
the chip rate. In the case of this two-fold oversampling, in the amplitude 
judgment circuit 11 a threshold value is so set that, for each transmission 
wave, amplitude values are detected consecutively over a 1.5 chip timing at the 
maximum, that is, a maximum of three pieces of timing are detected 
consecutively. An output of the amplitude judgment circuit 11 is blocks Bl 
etc. each having a width of three or less pieces of timing (for one transmission 
wave). Timing having the maximum amplitude in each of the blocks Bl-is 
considered true timing of the corresponding transmission wave. 

Fig. 3A shows an output of the amplitude judgment circuit 11. Symbols 
Bl denotes one block (mentioned above) having a width of three or less pieces 
of timing and corresponding to the first transmission wave, and B2 denotes 
one block corresponding to the second transmission wave. Fig. 3B indicates 
masking conditions for the masking circuit 12 (an output of the OR circuit 25). 
A masking condition Ml is one corresponding to the tracing circuit-a (14a) that 
is already used. Figs. 3C1-3C3 show outputs 54a-54c of the timing judgment 
circuit 13, respectively. No output pulse is shown in Fig. 3Cl because the 
timing judgment circuit 13 has already output initial synchronization timing a 
(54a) to the tracing circuit-a (14a). An output (output pulse) CI indicates 
initial synchronization timing b (54b) that is supplied to the tracing circuit-b 
(l4b) for the second transmission wave that has just been received. Fig. 3C3 
shows an output corresponding to a so far non-received third transmission 
wave. No output pulse is shown in Fig. 3C3 because a third transmission 
wave has not been received yet. Figs, 3D1, 3D2, and 3D3 show outputs 72, 74, 
or 76 of the tracing circuits 14a, 14b, and 14c, respectively. An output (output 
pulse) Tal in Fig. 3Dl indicates reception timing 72 for the already received 
first transmission wave that is output from the tracing circuit-a (14a). 

Based on the output 72 (output pulse Ta2) of the tracing circuit-a (l4a) 
shown in Fig. 3D1, the timing of the first transmission wave is communicated 
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to the masking circuit 12 to prevent the other tracing circuits (i.e., the tracing 
circuit-b (I4b) etc.) from operating with the same timing (masking condition 
M2). The interval between the masking conditions Ml and M2 is one symbol 
timing Ta. As a result, a block B3 that is output from the ampUtude 
5 judgment circuit 11 is subjected, as it is, to timing tracing by the tracing 
circuit-a (14a). As described above, timing movement of one sampUng timing 
Ts or less (the interval between pieces of timing is in a range of Ta ± Ts) can be 
traced. Similarly, based on the output 74 (output pulse Tbl) of the tracing 
circuit-b (l4b) shown in Fig. 3D2, the timing of the second transmission wave 
10 is communicated to the masking circuit 12 to prevent the other tracing circuits 
(i.e., the tracing circuit-a (14a) etc.) from operating with the same timing 
'3 (masking condition M3). As a result, a block B4 that is output from the 

\Jl amplitude judgment circuit 11 is subjected, as it is, to timing tracing by the 

|[,^ tracing circuit-b (l4b). As described above, each of the tracing circuit-a (l4a) 

hi 15 and the tracing circuit-b (l4b) communicates the timing of the transmission 
wave being traced by itself to the masking circuit 12 to prevent the other 
tracing circuits (i.e., the tracing circuit-c (l4c) etc.) from operating with the 
same timing. The masking circuit 12 performs masking during a timing that 
is the reception timing 72 or the like that is output from the tracing circuit-a 
p 20 (14a) or the like plus/minus a 0.5 chip timing, and can thereby prevent the 
already detected transmission wave from being detected again. 

As described above, in the embodiment 2, a plurality of tracing circuits 
for tracing a plurality of reception waves, respectively, are provided and each 
of the tracing circuits communicates the timing of the reception wave being 
25 traced by itself to the masking circuit to prevent the other tracing circuits from 
operating with the same timing. The masking circuit invalidates timing 
detected by the amplitude judgment circuit if it precedes or succeeds already 
detected timing by, for example, a 0.5 chip timing or less. This makes it 
possible to prevent an already detected transmission wave from being detected 
30 again. 
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Embodiment 3 

Fig. 4 shows a tracing circuit according to a embodiment 3 of the 
invention, which is an example of the tracing circuit-a (l4a) shown in Fig. 2. 
The components in Fig. 4 that are given the same reference symbols as the 
corresponding components in Fig. 1 or 2 have the same functions as the latter 
and hence will not be described. Although only the tracing circuit-a (l4a) will 
be described below, the other tracing circuits (i.e., the tracing circuit-b (l4b) 
etc.) operate in the same manner as the tracing circuit-a (I4a). In Fig. 4, 

reference numeral 15 denotes a comparison circuit CMP (comparison section) 
for outputting first reception timing a (72) to the Af corrector 9a in response to 
initial synchronization timing a (54a) that is output from the timing judgment 
circuit 13 and, at the same time, outputting the same reception timing a (52) to 
a delay memory 16 (described later). The delay memory 16 (delay storage 
section) stores the reception timing a (72) that is output from the comparison 
circuit 15 and delays it by one symbol timing, that is, the length of the 
reception timing stored in the delay memory 16 is a one-symbol timing length. 
When the tracing circuit-a (I4a) outputs second reception timing a (72), it does 
not receive initial synchronization timing a (54a) from the timing judgment 
circuit 13. Therefore, the tracing circuit-a (l4a) compares amplitudes in a 
block of an amplitude data signal 52 that is output from the amplitude 
judgment circuit 11 only in a timing that is the timing stored in the delay 
memory 16 plus/minus a 0.5 chip timing, selects timing that has the maximum 
amplitude value in the block, and outputs it as reception timing a (72). At the 
same time, the tracing circuit-a (l4a) records, in the delay memory 16, the 
selected timing so as to replace the timing that precedes it by one symbol 
timing Ta. Subsequently, the reception timing is traced by repeating the 
above operation until the transmission wave being traced ceases. 

Figs. 5A-5E are timing charts of the tracing circuit according to the 
embodiment 3. Fig. 5A shows initial synchronization timing a (54a) that is an 
output of the timing judgment circuit 13. Fig. 5B shows amplitude data 52 
that is an output of the amplitude judgment circuit 11. Fig. 5C shows 
reception timing a (72) that is an output of the tracing circuit-a (l4a). Fig. 5D 
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shows an output of the delay memory 16. Fig. 5E shows window timings 
during which to perform voltage comparison in the comparison circxxit 15. 

When an amplitude data 52 (block BO) of a first transmission wave is 
output from the amplitude judgment circuit 11 as shown in Fig. 5B, as shown 
5 in Fig. 5A initial synchronization timing a (54a) is output from the timing 
judgment circuit 13. As shown in Fig, 5C, the comparison circuit 15 compares 
the amplitudes in the block BO of the amplitude data 52, selects timing that 
has the maximum amphtude value, and outputs a pulse TaO as reception 
timing a (72). The selected timing is recorded in the delay memory 16. As 
10 shown in Fig. 5E, the comparison circuit 15 compares the ampUtudes in a 
block Bl of the amplitude data 52 in a window timing CTl based on a pxilse Dl 
''^ corresponding to the selected timing that is stored in the delay memory 16. 

in Then, the tracing circuit-a (l4a) outputs a pulse Tal as reception timing a (72). 

{fl As described above, in the embodiment 3, the tracing circuit is composed 

^ 15 of the comparison circuit 15 and the delay memory 16 for causing a delay of a 
one-symbol timing Ta, When the tracing circuit outputs second reception 
i;3 timing a (72), the comparison circuit 15 compares the amplitudes in a block of 

an amplitude data signal 52 that is output from the amplitude judgment 
circuit 11 only in a timing that is the first reception timing a (72) recorded in 
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Q 20 the delay memory 16 plus/minus a 0.5 chip timing. Since recording 
comparison restdt timing in the delay memory 16 allows this operation to be 
repeated until the transmission wave being traced ceases, the tracing of the 
reception timing can be performed. 

As described above, the invention can provide a spread spectrum 

25 demodulator capable of correctly demodulating, simultaneously, a plurality of 
reception waves that were spread by using the same spreading signal and 
transmitted fi:om a plurality of transmitters, by establishing initial 
synchronization for each of the reception waves and then tracing reception 
timing of each reception wave individually. 

30 In the spread spectrum demodulator, the timing detector may comprise: 

an ampHtude judgment section for receiving the ampHtude components of the 
plxirality of received spread spectrum signals and detecting timing by 
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threshold judgment; a masking section for masking timing detected by the 
amplitude judgment section when the timing is within a predetermined range 
of already detected timing, and for outputting only so far undetected timing; a 
timing judgment section for outputting, as initial synchronization timing, the 
so far undetected timing inputted from the masking section; a plurahty of 
tracing sections for storing the initial synchronization timing inputted from 
the timing judgment section and tracing the timing until a spread spectrum 
signal corresponding to the initial synchronization timing ceases; and a 
masking condition section for outputting pieces of timing being traced by the 
respective tracing sections to the masking section. 

In the spread spectrum demodulator, each of the tracing sections may 
comprise" a comparison section for outputting, as first reception timing, the 
initial synchronization timing inputted from the timing judgment section, 
comparing amplitudes inputted from the amplitude judgment section by a 
timing that is within a predetermined timing of a delayed timing from the first 
reception timing, and outputting, as reception timing, timing having a 
maximum amplitude; and a delay storage section for storing the reception 
timing outputted from the comparison section and outputting it to the 
comparison section after delaying it by a predetermined time. 

In the spread spectrum demodulator, the length of the reception timing 
stored in the delay storage section may be a one-symbol timing length. 

In the spread spectrum demodulator, the predetermined range of 
already detected timing masked by the masking section may be within a 0.5 
chip timing before and after the already detected timing. 

In the spread spectrum demodulator, the masking condition section may 
be an logical OR circuit. 

The present invention has been described in detail with respect to 
various embodiments, and it will now be apparent from the foregoing to those 
skilled in the art that changes and modifications may be made without 
departing from the invention in its broader aspects, and it is the invention, 
therefore, in the appended claims to cover all such changes and modifications 
as fall within the true spirit of the invention. 
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The entire disclosure of Japanese Patent Application No. 2000-33788 
filed on February 10, 2000 including specification, claims, drawings and 
summary are incorporated herein by reference in its entirety. 



, h 

m 
m 
m 

h 
m 

ru 



13 



